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DESCRIPTION 
ULTRASONIC DIAGNOSTIC APPARATUS 

5 Technical Field 

The present invention relates to an ultrasonic diagnostic apparatus 
having a two-dimensional array ia which a plurality of electroacoustic devices 
(hereinafter simply referred to as transducers) are arranged 
two-dimensionally for scanning a subject three- dimensionally. 

10 

Background Art 

A conventional ultrasonic diagnostic apparatus, as shown in Fig. 8, is 
composed of a two-dimensional array 102 in which a plurahty of transducers 
101 are arranged two-dimensionally and intra-group processors IP(J, K) (J = 

15 1, 2, K = 1, 2) that are connected with sub-arrays of the transducers 101 with 
two rows and two columns. The intra-group processors IP(J, K) are 
connected with a control \mit 104 of a main unit 107 via a cable 108. 

A reception signal from a sub-array xmdergoes beam -forming by the 
intra-group processor IP(J, K), which further undergoes beam-forming by a 

20 delay addition unit (not illustrated) in the control imit 104. Practically, 
3,000 pieces of transducers and 120 pieces of intra-group processors are 
provided, for example, whose power consumption is 2 watts in total, and at 
least 120 signal lines are included in the cable 8 (for example, see JF 
2000-33087 A, pages 3 and 10 to 11, Fig. 3). 

25 In such a conventional ultrasonic diagnostic apparatus, in the case of 

having a large number of transducers (N = 200) in a longer axis direction 
(column direction) as in a convex array, if such transducers are separated (M 
= 60) in a shorter axis direction (row direction) so as to configure a 
two-dimensional airay, the required number of the transducers increases to 

30 as large as 12,000, which is four times that of the example shown in Fig 8. 
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Therefore, the number of the iatra-group processors also increases to 480, 
which is four times that of the example. Consequently, the power 
consumption increases to 8 watts, thus causing the problem of heat 
generation. Moreover, since at least 480 signal hues are included in the 
5 cable, such a thick cable is difficult to handle. 

Disclosure of Invention 

In order to solve the above-stated conventional problems, it is an 
object of the present invention to provide an ultrasonic diagnostic apparatus 

10 including selectively operable intra-group processors for reducing the number 
of signal lines included in a cable for the connection with a main unit and 
suppressing power consumption. 

In order to achieve the above-stated object, an tdtrasonic diagnostic 
apparatus of the present invention includes* an electroacoustic conversion 

15 xmit including electroacoustic conversion devices with M rows and N columns, 
in which sub^arrays are arranged at least two-dimensionally with J rows and 
K columns, each of the sub- arrays including electroacoustic conversion 
devices with m rows and n columns, where M = mxJ, N = nxK; intra-group 
processors with J rows and K columns provided corresponding to the 

20 respective sub-arrays; and a selection uAit that selects intra-group processors 
with j rows (j < J) and k columns (k < K) as a target from the intra-group 
processors with J rows and K columns, the selection being performed while 
shifting the selection target of the intra-group processors in a column 
direction. 

25 With this configuration, the intra-group processors can operate 

selectively, so that the number of signal lines included in a cable for the 
connection with a main unit can be reduced, and power consumption also can 
be suppressed. 

In the ultrasonic diagnostic apparatus of the present invention, the 
30 selection unit may select intra-group processors with j rows and k columns as 
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the target while shifting the selection target of the intra-group processors in a 
row direction. With this configuration, the number of signal lines included 
in a cable for the connection with a main unit further can be reduced, and 
power consumption also further can be suppressed. 
5 In the ultrasonic diagnostic apparatus of the present invention, the 

selection unit may include a reception switch that selectively connects a 
reception signal from the intra-group processors with a reception beam 
former. With this configuration, the number of signal lines included in a 
cable for the connection with a main unit can be reduced. 

10 In the ultrasonic diagnostic apparatus of the present invention, the 

selection unit may include a data switch that selectively supplies group focus 
data to the intra-group processors. With this configuration, the amount of 
group focus data supplied to the intra-group processors can be reduced. 

In the ultrasonic diagnostic apparatus of the present invention, the 

15 selection unit may include a power supply switch that selectively supplies a 
group power supply to the intra-group processors. With this configuration, 
power consumption of the intra-group processors can be reduced. 

* 

In the ultrasonic diagnostic apparatus of the present invention, the 
selection \mit may include a clock switch that selectively supplies a clock 
20 signal to the intra group processors. With this configuration, power 
consumption of the intra-group processors can be reduced. 



Brief Description of Drawings 

Fig. 1 is a block diagram showing the configuration of an ultrasonic 
25 diagnostic apparatus according to Embodiment 1 of the present invention. 

Fig. 2 is a schematic diagram for explaining an operation of a 
two-dimensional array of Fig. 1. 

Fig. 3 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 
30 2 of the present invention. 



Fig. 4 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

3 of the present invention. 

Fig. 5 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

4 of the present invention. 

Fig. 6 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

5 of the present invention. 

Fig. 7 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

6 of the present invention. 

Fig. 8 is a block diagram showing the configuration of a conventional 
ultrasonic diagnostic apparatus. 

Description of tbp? Trivftntinn 

The following describes preferred embodiments of the present 
invention, with reference to the drawings. 

Embodiment 1 

Fig. 1 is a block diagram showing the configuration of an ultrasonic 
diagnostic apparatus according to Embodiment 1 of the present invention. 

In Fig. 1, transducers 1 as electroacoustic conversion devices are 
arranged two-dimensionally with M rows (M = 4) and N columns (N = 12) so 
as to make up a two-dimensional array 2 (electroacoustic conversion means). 
The two-dimensional array 2 is separated into eight sub-arrays 2a each 
including six transducers I with m rows (m = 2) and n columns (n = 3). 
Therefore, the sub-arrays 2a are in the arrangement of J rows (J = 2) and K 
columns (K = 4), where the relationships of M = m x J and N = n x K are 
satisfied. Each sub-array 2a is connected with one of eight intra-group 
processors IP(JJ, KK) (JJ = 1 to 2, KK = 1 to 4). The intra groups IP(JJ, KK) 
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are connected with a switch 31 (selection means). 

Out of the intra-group processors IP(JJ, KK), four intra-group 
processors in total including j (= 2) pieces in the row direction (j < J) and k (= 
2) pieces (k < K) in the column direction are selected by the switch 31. 
5 Reception signals from the selected intra-group processors IP are supphed to 
a control unit 4 via signal hnes in a cable 8, where the signals are delayed 
and added. The delayed and added signal output from the control unit 4 is 
supphed to a signal processing unit 5 so as to be processed as an image signal, 
and then an image is displayed by a display unit 6. Herein, the control unit 
10 4, the signal processing unit and the display unit 6 make up a main unit 7. 

The following describes an operation of the xdtrasonic diagnostic 
apparatus configured as above, with reference to Fig. 2 as weU as Fig. 1. Fig. 
2 is a schematic diagram for explaining an operation of the two-dimensional 
array 2 of Fig. 1. 

15 Firstly, the control unit 4 controls the switch 3- 1 to select four 

intra-group processors in total of JJ = 1 to 2 and KK = 1 to 2 from the 
intra-group processors 1P(JJ, KK). Each of the four intra group processors 
IP is connected with a sub-array 2a including the transducers 1 with 2 rows 
and 3 columns, so that the transducers 1 with 4 rows and 6 colunms are 

20 selected. The control unit 4 sends data to the intra group processors IP so 
that transducers with 4 rows and 4 columns among the transducers with 4 
rows and 6 columns generate transmission pulses. In Fig. 2, the state of the 
transmission by the intra-group processors IP is represented with T = (Lr, Lc). 
Herein, Lr (l to LrMAX) represents a direction of sector scanning in the row 

25 direction and Lc represents a selection state of the transducers 1 in the 
column direction. As shown in Fig. 2, in the state of T = (Lr, l), the 
transducers in the first to the fourth columns are selected in the column 
direction to form an aperture A, and sector scanning in the row direction is 
performed. In the state of T = (Lr, 2), the transducers in the third to the 

30 sixth columns are selected in the column direction to form an aperture (not 
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illustrated), and sector scanning in the row direction is performed. In this 
way, while the aperture is shifted at intervals narrower than the width of the 
sub-array 2a in the column direction, the transmission by the intra-group 
processors of JJ = 1 to 2 and KK = 1 to 2 among the intra- group processors 

5 IP(JJ, KK) are completed. 

Next, the control unit 4 controls the switch 31 to select four 
intra- group processors in total of JJ = 1 to 2 and KK = 2 to 3 from the 
intra- group processors IP(JJ, KK). In the transmission state of T = (Lr, 3), 
the transducers ia the fourth to the ninth columns are selected in the column 
10 direction to form an aperture, and sector scanning in the row direction is 

performed. In this way, the transmission by the intra- group processors of JJ 
= 1 to 2 and KK = 2 to 3 among the intra group processors IP(JJ, KK) are 
completed. 

In this way, while the transducer columns selected in the column 
15 direction are shifted, sector operation is performed in the row direction, 

whereby one transmission cycle by the two-dimensional array 2 is completed. 
In response to the above-stated transmission, reception signals are processed 
as foUows. 

In the case of the transmission state of T = (Lr, Lc), data is sent from 
20 the control unit 4 to the intra group processors IP so that directivity of the 
reception by the selected four intra- group processors IP agrees with 
directivity of the transmission. Four reception signals undergoing 
beam -forming ia the four intra- group processors IP are sent to the control 
imit 4 via the switch 3-1 and four signal hnes in the cable 8. The reception 
25 signals are delayed and added by a reception beam former (not illustrated) 
that is included in the control imit 4, thus becoming the delayed and added 
signal output. In the case where the switch 3- 1 is not provided, eight output 
signal Lines for all of the intra-group processors IP have to be connected with 
the control unit 4. According to the present embodiment, however, the 
30 number of the output signal lines can be decreased to four. Further, the 
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reception beam former of the control unit 4 may have a parallel reception 
function to have the directivity of the reception in a plurahty of directions 
that slightly deviate from the directivity of the transmission. Thereby, the 
scanning in a broad range can be conducted with one transmission. 
5 As stated above, according to the present embodiment, the switch 3-1 

selects the intra-group processors with j rows and k columns from the 
intra- group processors with J rows and K columns, and the selection target of 
the intra- group processors is shifted in the column direction. Thereby, the 
number of the signal lines in the cable 8 that convey the reception signals 

10 from the intra- group processors to the control unit 4 can be reduced. 

Note here that according to the above description, the relationship of 
the number j of the selected intra-group processors in the row direction and 
the number J of all intra-group processors in the row direction satisfies j < J. 
However, j < J is possible also, where the selection of the intra-group 

15 processors is shifted in the row direction. 
Embodiment 2 

Fig. 3 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

2 of the present invention. In Fig. 3, the same reference numerals and 

20 symbols are assigned to the elements having the same configuration and the 
same functions as those in Fig. 1 referred to in Embodiment 1 so as to omit 
the explanation therefor. The other elements that are not illustrated in Fig. 

3 are the same as in Fig. 1. 

In Fig. 3, a switch 3-2 (selection means) includes a reception switch 
25 31 and a transmission switch 32, and a control unit 4- 1 includes a switch 
control unit 41, a transmission trigger generator 42 and, a reception beam 
former 43. The switch 3-2 and the control vuiit 4-1 are connected via a cable 
8. The reception switch 31 and the transmission switch 32 are connected 
with intra-group processors IP(JJ, KK) (JJ = 1 to 2, KK = 1 to 4) with J rows 
30 (J = 2) and K columns (K = 4). 
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The following describes an operation of the switch 3-2 and the control 
unit 4-1 of the ultrasonic diagnostic apparatus configured as above, with 
reference to Fig. 3. 

Firstly, the switch control unit 41 controls the transmission switch 32 
5 to supply a trigger signal output from the transmission trigger generator 42 
to iatra-group processors of j rows (j = 2) and k columns (k = 2) of the 
intra-group processors IP (JJ, KK). The intra-group processors IP supphed 
with the trigger signal generate a transmission pulse, and the transmission 
pulse is supphed to transducers of sub-arrays connected wiHi the intra-group 

10 processors IP. The transducers of the sub-arrays generate an vdtrasonic 
pulse in the oriented direction so as to receive an echo from a subject. A 
reception signal from the sub -array undergoes beam-forming by the 
intra-group processors IP. 

The reception switch 31 selects, under the control of the switch 

15 control unit 41, beam former output signals of four hnes of the intra-group 
processors IP with two rows and two columns, and supplies them to the 
reception beam former 43 via four lines in the cable 8. Herein, the reception 
switch 31 is composed of an analogue switch having J x K pieces of input 
terminals and j x k pieces of output terminals. In the case where the 

20 reception switch 31 is not provided, eight output signal hnes for aU of the 
intra-group processors IP have to be connected with the reception beam 
former 43. According to the present embodiment, however, the number of 
the output signal hnes to be connected with the reception beam former 43 can 
be reduced to four. The reception beam former 43 delays and adds the 

25 reception signals. 

As stated above, according to the present embodiment, the provision 
of the reception switch 31 allows reception signals of eight intra group 
processors to be supphed to the reception beam former 43 via four signal hnes 
in the cable 8 so as to perform delaying and adding of the reception signals. 

30 Thus, the number of the signal hnes included in the cable 8 can be reduced. 
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Embodiment 3 

Fig. 4 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

3 of the present invention. In Fig. 4, the same reference numerals and 

5 symbols are assigned to the elements having the same configuration and the 
same functions as those in Fig. 1 referred to in Embodiment 1 so as to omit 
the explanation therefor. The other elements that are not illustrated in Fig. 

4 are the same as in Fig. 1. 

In Pig. 4, a switch 3-3 (selection means) includes a data switch 33 and 

10 a control unit 4-2 includes a data control imit 44 and a group focus data 

generation unit 45. The switch 3-3 and the control unit 4-2 are connected 
via a cable 8. Intra- group processors IP(JJ, KK) (J J = 1 to 2, KK = 1 to 4) 
are connected with the data switch 33. Note here that the data switch 33 in 
this example has one input and four outputs and data of the group focus data 

15 generation unit 45 is output to two adjacent outputs. Although not 

illustrated, the switch 3-3 includes a transmission switch or a reception 
switch as in the configuration shown in Fig. 3, which enables the control of 
communication between the intra-group processors and a reception beam 
former or a transmission trigger generator of the control imit. 

20 The following describes an operation of the switch 3-3 and the control 

imit 4-2 of the ultrasonic diagnostic apparatus configured as above, with 
reference to Fig. 4. 

Firstly, the group focus data generation imit 45 generates data that is 
required for generating ultrasonic pulses or performing beam -forming of 

25 reception signals in the intra-group processors. The data generated by the 
group focus data generation unit 45 is sent to the data switch 33, and the 
data is supphed, under control of the data control imit 44, to intra-group 
processors with two rows and two columns that are selected from the 
intra-group processors IP(JJ, KK). At this time, tJie data for the intra-group 

30 processor IP(l, KK) is supplied via the intra-group processor IP(2, KK). 
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In the case where the data switch 33 is not provided, data has to be 
supphed to all of the eight intra* group processors IP. According to the 
present embodiment, however, it is sufELdent to supply data to four 
intra-group processors IP. 
5 As stated above, according to the present embodiment, the provision 

of the data switch 33 allows the generation of ultrasonic pulses in selected 
intra- group processors IP only and the supply of data required for performing 
beam -forming of reception signals in the selected intra- group processors IP 
only. Thereby, as compared with the case where data is to be supplied to aU 
10 of the intra-group processors IP, the amoimt of data can be reduced and the 
time to transfer data can be shortened. 

Fig. 5 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

15 4 of the present invention. In Fig. 5, the same reference numerals and 

symbols are assigned to the elements having the same configuration and the 
same functions as those in Fig. 4 referred to in Embodiment 3 so as to omit 
the explanation therefor. The other elements that are not illustrated in Fig. 
5 are the same as in Fig. 1. 

20 In Fig. 5, a switch 3-4 includes a data switch 33 and data selectors 

DSOD d = 2 to 4), and a control vmit 4 2 includes a data control imit 44 and a 
group focus data generation unit 45. The switch 3*4 and the control unit 4*2 
are connected with a cable 8. Intra-group processors IP(J J, KK) (J J = 1 to 2, 
KK = 1 to 4) are connected with the data switch 33 or the data selectors DS(I) 

25 (I = 2 to 4). Note here that although not illustrated, the switch 3-4 includes 
a transmission switch or a reception switch as in the configuration shown in 
Fig. 3, which enables the control of communication between the intra-group 
processors and a reception beam former or a transmission trigger generator of 
the control tmit. 

30 The following describes an operation of the switch 3-4 and the control 
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unit 4-2 of the ultrasonic diagnostic apparatus configured as above, with 
reference to Pig. 5. 

Firstly, the group focus data generation unit 45 generates data that is 
required for generating transmission pvdses or performing beam-forming of 
5 reception signals in the intra-group processors. The data generated by the 
group focus data generation unit 45 is sent to the data switch 33, and the 
data is suppHed, under control of the data control unit 44, to intra group 
processors with two rows and two columns selected from the intra-group 
processors IP(JJ, KK). 
10 At this time, in the case where the intra-group processors of JJ = 1 to 

2, KK = 1 to 2 are selected from the intra-group processors IP(JJ, KK), the 
data is supplied by way of a path through the intra-group processors IP (2, l) 
and IP (l, l), the data selector DS (2) and the intra-group processors IP(2, 2) 
and IP (1, 2). 

15 In the case where the intra-group processors of JJ = 1 to 2, £uid KK = 

2 to 3 are selected from the intra-group processors IP(JJ, KK), the data is 
supphed by way of a path through the data selector DS(2), the intra- group 
processors IP (2, 2) and IP(l, 2), the data selector DS(3), and the intra-group 
processors IP(2, 3) and IP (l, 3). 

20 In the case where the data switch 33 and the data selector DS(I) are 

not provided, data has to be supphed to all of the intra group processors IP. 
According to the present embodiment, however, this can be simplified by 
supplying data to four intra-group processors IP. 

As stated above, according to the present embodiment, the provision 

25 of the data switch 33 and the data selectors DS(I) allows the generation of 

transmission pulses in selected intra-group processors IP only and the supply 
of data required for performing beam-forming of reception signals in the 
selected intra-group processors IP only. Thereby, as compared with the case 
where data is to be supphed to aU of the intra-group processors IP, the 

30 amount of data can be reduced and the time to transfer data can be 
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shortened. 
Embodiment 5 

Fig. 6 is a block diagr£un showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 
5 5 of the present invention. In Fig. 6, the same reference numerals and 

symbols are assigned to the elements having the same configuration and the 
same functions as those in Fig. 1 referred to in Embodiment 1 so as to omit 
the explanation therefor. The other elements that are not illustrated in Pig. 
6 are the same as in Fig. 1. 

10 In Fig. 6, a switch 3-5 (selection means) includes a power supply 

switch 34, and a control unit 4-3 includes a group power supply control unit 
46. The switch 3-5 is connected with the control unit 4-3 and a group power 
supply imit 9 via a cable 8. Intra-group processors IP(JJ, KK) (JJ = 1 to 2, 
KK = 1 to 4) are connected with the power supply switch 34. Note here that 

15 although not illustrated, the switch 3*5 includes a transmission switch or a 
reception switch as in the configuration shown in Fig. 3, which enables the 
control of communication between the intra group processors and a reception 
beam former or a transmission trigger generator of the control unit. 

The following describes an operation of the switch 3-5 and the control 

20 unit 4-3 of the ultraisonic diagnostic apparatus configured as above, with 
reference to Fig. 6. 

Firstly, the group power supply unit 9 generates a voltage required 
for an operation of the intra-group processors. The power supply switch 34 
supphes the voltage to intra-group processors selected under control of the 

25 group power supply control vmit 46. The intra-group processors supphed 
with the voltage can generate transmission pulses or can perform 
beam -forming of recep tion signals. Since no voltage is supphed to the 
not-selected intra-group processors, no power is consumed by them. 

As stated above, according to the present embodiment, the provision 

30 of the power supply switch 34 allows the generation of transmission piilses or 
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the beam ■forming of reception signals in the intra-group processors supphed 
with a voltage. Therefore, since no voltage is supplied to the not-selected 
intra-group processors, their power consumption can be eHminated, thus 
reducing power consumption as a whole. 
5 Embodiment 6 

Fig. 7 is a block diagram showing one example of the configuration of 
a major part of an ultrasonic diagnostic apparatus according to Embodiment 

6 of the present invention. In Fig. 7, the same reference numerals and 
symbols are assigned to the elements having the same configuration and the 

10 same functions as those in Fig. 1 referred to in Embodiment 1 so as to omit 
the explanation therefor. The other elements that are not illustrated in Fig. 

7 are the same as in Fig. 1. 

In Fig. 7, a switch 3-6 (selection means) includes a clock switch 35, 
and a control vmit 4-4 includes a clock control unit 47. The switch 3-6 is 
15 connected with the control unit 4-4 and a dock generation unit 10 via a cable 
8. Intra-group processors IP(JJ, KK) (JJ = 1 to 2, KK = 1 to 4) are connected 

> 

with the clock switch 35. Note here that although not illustrated, the switch 
3-6 includes a transmission switch or a reception switch as in the 
configuration shown in Fig. 3, which enables the control of commimication 
20 between the intra-group processors and a reception beam former or a 
transmission trigger generator of the control vinit. 

The following describes an operation of the switch 3-6 and the control 
unit 4-4 of the ultrasonic diagnostic apparatus configured as above, with 
reference to Fig. 7, 

25 Firstly, the clock generation xmit 10 generates clock signals required 

for an operation by the intra-group processors. The clock switch 35 supplies 
the dock signals to intra-group processors selected under the control of the 
clock control unit 47. The intra-group processors supplied with the clock 
signals can generate transmission pulses or can perform beam-forming by 

30 using delay devices that delay receptions signals in accordance with the dock 
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signals. Since no clock signal is supplied to the not-selected intra group 
processors, the circuit does not operate partially, thus reducing power 
consumption. 

As stated above, according to the present embodiment, the provision 
5 of the clock switch 35 allows the generation of transmission pulses in the 
iatra-group processors supphed with dock signals or the beam-forming of 
reception signals in the iatra-group processors supphed with dock signals. 
Therefore, since no clock signal is supphed to the not-selected intra-group 
processors, power consumption can be reduced. 

10 

Industrial Apphcabihtv 

The xiltrasonic diagnostic apparatus of the present invention has 
advantages of reducing the number of cables for connecting a control unit in a 
maia unit with intra- group processors, reducing transfer time of data 
15 supphed to the intra-group processors and reduciag power consumption of the 
iatra-group processors. This apparatus is useful as an ultrasonic diagnostic 
apparatus having two-dimensionaUy arranged transducers for scanning a 
subject three-dimensionaHy, and is apphcable to medical use. 



